Introduction {#sec1}
============

Type 2 diabetes has become a modern-day disease of affluence, which is largely associated with improper dietary habits and sedentary lifestyle. It is estimated that there are currently 360 million people suffering from type 2 diabetes and that this number will reach approximately 560 million by 2030 \[[@cit0001]\].

Diabetes is a recognized factor increasing the risk of acute coronary syndrome even threefold in comparison to patients without type 2 diabetes \[[@cit0002]--[@cit0004]\]. More and more studies show that type 2 diabetes also worsens the prognosis in this group \[[@cit0005]\]. Despite the increasingly more advanced methods of treating acute coronary syndrome, cardiovascular diseases are still the most common cause of death in highly developed countries. Because of the very high impact of environmental risk factors associated with unhealthy lifestyle leading to obesity, diabetes, hypertension, and atherosclerosis, prophylaxis is especially important in limiting the epidemic of diabetes and its complications. This is why successful management of patients with diabetes and cardiovascular diseases is highly dependent on interdisciplinary cooperation and informing the patients about the significance of their role in the process of treatment and prophylaxis.

The effects of diabetes on the development of atherosclerosis {#sec2}
=============================================================

Type 2 diabetes is characterized by the co-occurrence of insulin resistance and islet β-cell failure, usually accompanied by obesity and sedentary lifestyle \[[@cit0001]\].

The link between the pathogeneses of diabetes and atherosclerosis is hyperinsulinemia resulting from insulin resistance. Insulin resistance causes dyslipidemia and hyperglycemia, leading to reduced nitric oxide (NO) synthesis in blood vessel walls \[[@cit0006]\]. This makes diabetes a risk factor for atherosclerosis. Nitric oxide, originating from the amino acid L-arginine and oxygen, is responsible for the tension keeping blood vessels in a state of dilation, regulating the flow and pressure of blood. The regulation of vascular wall tension at the endothelial level mainly consists in the maintenance of equilibrium between the opposing effects of two mediators synthesized in the endothelium: nitric oxide, which dilates blood vessels, and endothelin 1, which constricts them. Other substances also participate in the maintenance of vascular homeostasis: prostacyclin, which synergizes with NO, as well as angiotensin II, thromboxane, and reactive oxygen species (ROS), which have an opposing effect. In cases of dyslipidemia and hyperglycemia, vascular homeostasis becomes disrupted.

At the same time, the changes in carbohydrate and lipid metabolism accompanying obesity and insulin resistance lead to the appearance of atherogenic lipoproteins, hyperglycemia, and increased concentration of free fatty acids. All of these factors disrupt the proper functioning of the epithelium, which increases its permeability and facilitates the activation of platelets and immune cells, especially macrophages, as well as their adhesion and migration within vascular walls. The ROS, cytokines, and growth factors created in this process inhibit the production of NO, while prostacyclins cause an increase in the level of platelet-activating factor, at the same time inhibiting the plasminogen activator. These processes lead to the formation of unstable atherosclerotic plaque and remodelling of the vascular wall, leading to the development of coronary heart disease \[[@cit0007]\].

Recent years have seen an increase in the number of publications concerning the influence of diabetes on blood platelet dysfunction \[[@cit0008]\]. Mean platelet volume is a parameter routinely measured in clinical practice, which makes it useful for the assessment of clinical characteristics. The measurement of mean platelet volume provides information on the activity of the platelets and their size, while their dysfunction is increasingly more often associated with a worse prognosis in patients with myocardial infarction \[[@cit0009]\]. The platelets of patients with diabetes exhibit dysregulation of several signaling pathways, which leads to an increase in their reactivity. They may then play a role not only in increasing the risk of myocardial infarction, but also in worsening the prognosis for patients with concurrent diabetes. This may also explain the more frequent occurrence of inadequate responses to antiplatelet treatment in patients with myocardial infarction and diabetes in comparison with patients without diabetes \[[@cit0010]\].

Pharmacological treatment of patients with type 2 diabetes and myocardial infarction {#sec3}
====================================================================================

According to the most recent guidelines of the European Society of Cardiology, the following agents should be used in the pharmacological treatment of patients with non-ST elevation myocardial infarction (NSTEMI): acetylsalicylic acid, P2Y12 receptor inhibitors, β-adrenolytics, inhibitors of the renin-angiotensin-aldosterone system, and statins (recommendation class IA) \[[@cit0011]\]. There are no scientific reports indicating that patients with NSTEMI and concurrent type 2 diabetes should be treated differently. Large multicenter studies, such as TRITON-TIMI38 or PLATO, indicated that, in the group of patients with diabetes, the P2Y12 platelet receptor was more effectively blocked with the use of new generation drugs, such as ticagrelor or prasugrel, which was associated with an improved prognosis \[[@cit0012], [@cit0013]\]. When choosing β-adrenolytics in the group of patients with type 2 diabetes, it seems to be more beneficial to use non-selective α and β-blockers (carvedilol) or nitric oxide synthesis modulators (nebivolol). These drugs improve prognosis in this group and have no unfavorable effect on glucose metabolism \[[@cit0014]\].

There is still no consensus with regard to the intensity of antihyperglycemic treatment. Does intensive pharmacotherapy, especially during the first days of acute coronary syndrome, offer more benefits in terms of prognosis? What are the target values of glycated hemoglobin concentration (HbA~1c~) that should be achieved? Suleiman *et al.* examined 735 patients with previously undiagnosed type 2 diabetes admitted to the hospital with myocardial infarction \[[@cit0015]\]. Their research showed that hyperglycemia at the time of admission and persistent elevated blood glucose levels during further observation were correlated with significantly worse prognoses and higher mortality in this group of patients.

The ADVANCE study included 11140 patients with type 2 diabetes and a high risk of coronary heart disease \[[@cit0016]\]. The patients were divided into two groups -- group 1 was treated intensively to reach HbA~1c~ of 6.5%, and group 2 was treated conventionally with the maintenance of HbA~1c~ at a level of 7.3%; the follow-up period for both groups was 5 years. No differences in mortality from cardiovascular causes were found. The frequency of severe microvascular complications was lower among patients undergoing intensive treatment, but significant hypoglycemia was more common in this group. Similar results were obtained in the VADT study, in which 1791 intensively (target HbA~1c~: 6.9%) and conventionally (target HbA~1c~: 8.4%) treated patients with type 2 diabetes were followed up for 5.6 years \[[@cit0017]\]. Similarly to the ADVANCE study, no significant differences were found in the incidence of significant cardiovascular events, such as myocardial infarction or stroke. Microvascular complications did not occur more frequently in either of the studied groups. Similarly to the previous study, tendencies towards hypoglycemia were more frequent in the group undergoing intensive treatment.

The ORIGIN study included 12537 patients diagnosed with type 2 diagnosis or prediabetes, i.e. impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) \[[@cit0018]\]. One patient group was treated intensively with insulin and glargin, aiming at a fasting glucose level of \< 5.3 mmol/l (\< 95 mg%). The other group was treated conventionally, i.e., in line with the newest local guidelines. The group receiving conventional treatment also included patients in whom diabetes was diagnosed during the study. These patients received insulin at a maximum dose of up to 10 U/day; metformin was discontinued. The follow-up period was 6.2 years. Similar incidence of cardiovascular complications was found in both groups, while severe hypoglycemia occurred significantly more frequently in the group receiving intensive treatment.

In 2008 the results of the ACCORD large clinical trial were published \[[@cit0019]\]. The study included 10251 patients assigned either to a group receiving intensive antihyperglycemic treatment (target HbA~1c~: \< 6%) or to a group treated conventionally (target HbA~1c~: 7.0--7.9%). Cardiovascular incidents had been experienced in the past by 35% of the analyzed patients. The study was discontinued after 3.5 years due to the increased risk of death associated with intensive antihyperglycemic treatment (HR = 1.22, 95% CI: 1.01--1.46, *p* = 0.04). The rate of the primary endpoint (death from cardiovascular causes, non-fatal myocardial infarction, non-fatal stroke) was similar in both groups (HR = 0.90, 95% CI: 0.78--1.04, *p* = 0.16). Hypoglycemia requiring treatment and body mass increased by more than 10 kg was observed more frequently among patients undergoing intensive treatment (*p* \< 0.001). It was the first study to demonstrate the previously unknown risk associated with intensive treatment in high-risk patients with type 2 diabetes.

However, studies with follow-up periods longer than 10 years provided different conclusions. In the DCCT study \[[@cit0020]\] 1441 patients with type 1 diabetes were subjected to a follow-up of 17 years; they were also divided into two groups: one receiving intensive antihyperglycemic treatment and one treated conventionally. The study results showed that, in the group of patients undergoing intensive treatment, the incidence of adverse cardiovascular events was lower by 42%. It was most likely associated with the fact that in patients with type 1 diabetes intensive antihyperglycemic therapy is always recommended.

In the UKPDS study \[[@cit0021]\], 5102 type 2 diabetes patients were followed up for 10 years; they were divided into two groups undergoing intensive and conventional treatment, respectively. In the conventional treatment group, only a restrictive diabetes diet was used. The patients treated intensively received sulfonylurea derivatives or insulin, while obese patients received metformin. At the end of the study, the patients treated intensively (i.e., with the use of insulin therapy or sulfonylurea derivatives) exhibited a significantly lower incidence of microvascular complications.

The studies listed above show that appropriate blood glucose control significantly reduces the incidence of cardiovascular events, but this effect becomes significant only after a very long follow-up period.

The most recent guidelines concerning the management of acute coronary syndromes without persistent ST elevation from 2015 suggest that in patients with acute coronary syndrome and glucose concentration \> 10 mmol/l (\> 180 mg/dl) a therapy reducing glucose concentration should be considered; target blood glucose should be adjusted to coexisting diseases and episodes of hypoglycemia should be avoided (recommendation class IIa, evidence level C) \[[@cit0011]\]. Moreover, both in the acute phase of the disease and during further follow-up, it is necessary to consider less restrictive blood glucose control in patients with more advanced cardiovascular diseases, elderly patients, as well as those with a longer duration of diabetes and more comorbidities (recommendation class IIa, evidence level C) \[[@cit0011]\].

On the other hand, the guidelines on the management of diabetes, prediabetes, and cardiovascular diseases published 2 years earlier in cooperation with the European Association for the Study of Diabetes, quite clearly specify the target blood glucose levels that should be achieved in order to reduce the risk of microvascular complications \[[@cit0001]\]. One recommendation (class IA) was to maintain strict blood glucose control with target HbA~1c~ values close to normal (\< 7% or \< 53 mmol/mol) in patients with type 1 and 2 diabetes to reduce the risk of microvascular complications. But the evidence concerning the influence of target HbA~1c~ values on the risk of microvascular complications is less convincing because of the complexity of the mechanisms associated with the chronic, progressive nature of diabetes and the influence of metabolic memory. In patients with type 1 and 2 diabetes, target HbA~1c~ values of ≤ 7.0% (≤ 53 mmol/mol) should be considered to prevent cardiovascular diseases (recommendation class IIaC). These guidelines also suggest that the fasting glucose concentration should be \< 7.2 mmol/l (\< 120 mg/dl) and \< 9--10 mmol/l (\< 160--180 mg/dl) after a meal, depending on the particular circumstances. Thus restrictive blood glucose control is possible in younger patients without comorbidities, who constitute only a small percentage of the population of patients with myocardial infarction and diabetes. There is, therefore, no consensus on the target blood glucose values in patients with cardiovascular diseases. Based on the mentioned guidelines, it may seem that we should strive for HbA~1c~ concentration of \< 7%, but in reality every decision about the intensification of antihyperglycemic treatment should be made individually for every patient, taking into consideration their age, duration of diabetes, and any potential complications of the disease. Moreover, episodes of hypoglycemia should be avoided.

Invasive treatment of patients with non-ST-elevation myocardial infarction and type 2 diabetes -- percutaneous or surgical revascularization? {#sec4}
=============================================================================================================================================

In recent years, the techniques used for percutaneous coronary interventions (PCI) have become much more advanced. The introduction of stents releasing antimitotic agents significantly reduced the occurrence of restenosis. As a result, PCI became the method of choice in the treatment of myocardial infarction \[[@cit0022]\]. In the case of NSTEMI, however, it is difficult to establish the culprit vessel based on electrocardiographic (no evident ischemic lesions or diffuse ischemia) or angiographic imaging (e.g., critical stenoses in more than one vessel). Such patients require special care during the selection of optimal treatment and potential qualification for coronary artery bypass grafting (CABG) or multi-stage PCI. The choice of methods depends on numerous factors, such as the anatomy of coronary arteries, severity of atherosclerosis, location of the lesions requiring intervention, and coexisting diseases, including diabetes \[[@cit0023], [@cit0024]\]. Because of the lack of large randomized controlled trials, it is difficult to establish the optimal method in the group of diabetes patients.

Hlatky *et al.* analyzed data from 10 randomized studies including 7812 patients in total \[[@cit0025]\]. These studies compared the effectiveness of PCI and CABG depending on the basic clinical characteristics. Analysis of the data demonstrated that long-term follow-up in the group of patients with type 2 diabetes and multivessel coronary disease, coronary artery bypass grafting seems to be the better strategy.

Sargin *et al.* compared the frequency of rehospitalization after myocardial revascularization \[[@cit0026]\]. Their study included 2664 patients with coronary heart disease, who were divided into two groups: group 1 included patients treated with CABG (1103 patients), and group 2 was constituted by patients undergoing PCI (1561 patients). The aim of the study was to compare the frequency of rehospitalization within 30 days and establish the risk factors for rehospitalization depending on the method of revascularization. No significant difference was found in the frequency of rehospitalization between the groups treated with percutaneous coronary interventions and coronary artery bypass grafting. Diabetes turned out to be a risk factor for rehospitalization within 30 days in both compared groups.

Bundhun *et al.* conducted a meta-analysis of 6 large randomized studies (SYNTAX, BARI, FREEDOM, CARDIa, MASS II, Kamlesh 2013), comparing the long-term treatment results of percutaneous coronary interventions and coronary artery bypass grafting in patients with type 2 diabetes treated with insulin \[[@cit0027]\]. In total 1297 patients with type 2 diabetes treated with insulin were analyzed: 639 patients underwent CABG and 658 were treated with PCI. Lower mortality was found in the group treated with CABG. Moreover, this group had less cases of adverse cardiovascular and cerebrovascular events, and the patients were rehospitalized less frequently; however, a higher incidence of stroke was found in patients after CABG.

Naito *et al.* examined 483 patients aged ≥ 65 with diabetes and multivessel coronary disease \[[@cit0028]\]; 256 patients were treated with PCI and 277 with CABG. The results of this study did not show any differences in mortality when comparing both methods of treating multivessel coronary disease.

Different results were achieved by Farkouh *et al.* in the large randomized FREEDOM study, which included 1900 patients with diabetes and multivessel coronary disease; the average follow-up was 3.8 years \[[@cit0029]\]. The endpoints of the study were: death from any cause, recurrent non-fatal infarction, or non-fatal stroke. In the group of patients treated with PCI, death from any cause and recurrent non-fatal myocardial infarction occurred significantly more often. Only stroke was observed more frequently in the CABG group. Based on this study, it may seem that CABG is a better method of treatment in patients with diabetes and multivessel coronary disease.

Awad *et al.* analyzed a group of 3916 patients with diagnosed non-ST elevation myocardial infarction (NSTEMI), who were hospitalized in 11 medical centers \[[@cit0030]\]. Diabetes was diagnosed before hospital admission in 1457 patients (38% of the entire analyzed group). The study compared, among others, treatment methods and intrahospital prognosis in patients with and without diabetes. It was demonstrated that patients with diabetes had a higher risk of severe complications, such as cardiogenic shock, heart failure, and death during hospitalization. The chosen method of revascularization was also analyzed; a tendency to conduct coronary artery bypass grafting was shown in the group of patients with coexisting diabetes.

In another multicenter randomized study, BARI 2D, Brooks *et al.* analyzed the data of 2368 patients with documented coronary heart disease and type 2 diabetes diagnosed at least 25 year earlier \[[@cit0022]\]. The aim of this study was not to compare CABG and PCI and the selection of treatment methods was associated with the anatomy of vessels and severity of atherosclerotic lesions, not with assignment to a given cohort. Still, the analysis of such a large number of patients revealed that individuals with diabetes and multivessel coronary disease undergo coronary artery bypass grafting more often.

Pandey *et al.* analyzed a subgroup of patients from the multicenter NCDR ACTION Registry-GWTG \[[@cit0031]\]. This subgroup included 74 941 patients hospitalized due to non-ST elevation myocardial infarction with coexisting diabetes and multivessel coronary disease revealed in coronarography. The patients were divided into 3 groups based on the treatment method chosen: patients treated with CABG (36.4%); patients treated with PCI using stents releasing an antimitotic agent (46.2%), and patients treated conservatively (17.3%). It was shown that only 1/3 of patients with NSTEMI, diabetes, and multivessel coronary disease underwent CABG during hospitalization. This method of revascularization was used more frequently in patients with left main coronary artery disease, proximal left anterior descending (LAD) coronary artery stenosis, symptoms of heart failure and tachycardia, mild and moderate heart failure, and patients aged \< 72. At the same time, coronary artery bypass grafting was less frequently conducted in patients who received P2Y12 receptor antagonists (clopidogrel, prasugrel) directly after admission, women, patients with previously diagnosed heart failure, dialysis patients, patients over 72 years of age, and patients who were overweight or obese. The previously mentioned guidelines from 2015 concerning the management of acute coronary syndrome without persistent ST elevation included the following recommendations ([Tab. I](#t0001){ref-type="table"}) \[[@cit0011]\].

###### 

Guidelines concerning the management of acute coronary syndrome without persistent ST elevation

  Recommendation                                                                                                                       Recommendation class   Evidence level
  ------------------------------------------------------------------------------------------------------------------------------------ ---------------------- ----------------
  In patients with diabetes and NSTEMI, an invasive strategy is recommended over conservative management                               I                      A
  In patients undergoing PCI, it is recommended to use new generation DES stents instead of BMS stents                                 I                      A
  In patients with stabilized multivessel CAD and acceptable operative risk, CABG is recommended over PCI                              I                      A
  In patients with stabilized multivessel coronary disease and SYNTAX score ≤ 22, PCI should be considered as an alternative to CABG   IIa                    B

NSTEMI -- non-ST-elevation myocardial infarction, PCI -- percutaneous coronary intervention, DES -- drug-eluting stent, BMS -- bare metal stent, CAD -- coronary artery disease, CABG -- coronary artery bypass grafting.

Similar conclusions were drawn in the cardio-diabetological recommendations of 2013, stating that CABG is recommended (class IA) in patients with diabetes and multivessel or complex (SYNTAX score \> 22) coronary disease in order to improve survival free of major cardiovascular events \[[@cit0001]\]. Another class IA recommendation stated that drug-eluting stent (DES) rather than bare-metal stents (BMS) should be used in PCI to reduce the risk of revascularization of the target vessel. It was also suggested that PCI should be considered as an alternative in order to control symptoms in patients with diabetes and less complex forms of multivessel coronary disease (i.e. SYNTAX score ≤ 22) when revascularization is required, but this recommendation was included in class IIbB (not in IIaB, like in the guidelines for the management of NSTEMI from 2015).

Conclusions {#sec5}
===========

It is undeniable that type 2 diabetes significantly accelerates the progress of atherosclerosis and thus increases the risk of acute coronary syndrome. At the same time, coexisting diabetes in patients with acute coronary syndrome significantly worsens the prognosis in this group of patients. Pharmacological treatment in patients with myocardial infarction is not significantly different in the populations with and without coexisting diabetes although there may be some preferences with regard to the choice of β-adrenolytics and treatment with P2Y12 receptor inhibitors. It is, however, important to establish how to treat diabetes itself in the period of acute coronary syndrome. There still seems to be no consensus in this matter. The publications listed in this work explicitly show that in order to fully establish the influence of metabolic control on prognosis in patients with coronary heart disease, years or even decades of follow-up are required. There is still an insufficient number of studies with such a long follow-up period to unequivocally establish the intensity of antihyperglycemic treatment, target blood glucose values, or target concentration of glycated hemoglobin. Similar problems are associated with the selection of an appropriate invasive treatment method. In patients with type 2 diabetes and non-ST elevation myocardial infarction, coronary artery bypass grafting seems to be the better method of revascularization. However, the introduction of stents releasing antimitotic drugs significantly reduced the number of acute thromboses or restenoses in stents, improving the prognosis of patients with acute coronary syndrome. It is also undeniable that such patients require the so-called early invasive strategy, i.e., up to 72 h after hospitalization. It needs to be remembered, however, that the management of patients with type 2 diabetes and myocardial infarction is not limited to pharmacological and invasive treatment. Involving the patient in the treatment process is very important. Changes in lifestyle, increased physical activity, appropriate diabetes and antiatherosclerotic diet, chronic treatment, and adequate rehabilitation, especially in the early period after acute coronary syndrome, are all indispensable.
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